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(57) ABSTRACT

A composite wiring circuit with electrical through connec-
tions and method of manufacturing the same. The composite
wiring circuit includes a glass with first electrically-conduct-
ing through vias. The first electrically-conducting through
vias pass from a top surface of the glass layer to a bottom
surface of the glass layer. The composite wiring circuit fur-
ther includes an interposer layer with second electrically-
conducting through vias. The second electrically-conducting
through vias pass from a top surface of the interposer layer to
a bottom surface of the interposer layer. The second electri-
cally-conducting through vias are electrically coupled to the
first electrically-conducting through vias.

13 Claims, 9 Drawing Sheets
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1
COMPOSITE WIRING BOARD WITH
ELECTRICAL THROUGH CONNECTIONS

BACKGROUND

This invention relates to integrated circuit carriers, and
more particularly to functional glass handler wafer with
through vias.

In the packaging of semiconductor chips, typically an
organic laminate substrate is used which fans out the fine
pitch, typically 0.15 to 0.2 mm, C4 solder bumps on the
silicon die to larger pitch, typically 1.0 to 1.2 mm, BGA (ball
grid array) or LGA (land grid array) connections. With a
BGA, the chip package is attached to a printed circuit board
by reflowing the solder balls to form a permanent connection
whereas an LGA type interposer provides a connection where
the chip package can be readily removed and replaced on the
printed circuit board (PCB). The pitch of the C4s limits the
amount of input/output signals, i.e., [/O which can be pro-
vided to a chip. Note that a significant fraction of the C4s is
typically required for power delivery. The minimum C4 pitch
between a chip and the package substrate to which it is
attached is a function of the chip size and the difference in the
thermal coefficient of expansion (TCE) between the chip and
the substrate. Thermal cycling results in stresses at the C4
connections between the chip and substrate if the TCE is
different. Larger pitch C4s, which are also taller, can relieve a
greater strain before failing.

One recently developed approach to increasing the 1/0 off
of a chip is to use a silicon carrier, or interposer, which is
placed between the chip and the laminate substrate and pro-
vides a space transform between fine pitch microbump con-
nections to the chip with larger pitch C4 connections to the
laminate substrate. Since both the chip and carrier are made of
silicon, fine pitch microbumps can be used since there is no
difference in TCE.

The use and assembly of a conventional silicon carrier may
include bonding the silicon wafer using a polymer layer to a
glass handler wafer. After dicing, the silicon carrier is then
placed on a packaging substrate, which is typically an organic
laminate but can also be a multilayer ceramic, such that the
C4s are aligned with corresponding pads, and reflowed to
form electrical connections through the C4s. The glass han-
dler wafer portion is then removed, typically with a laser
release process which ablates/vaporizes the polymer adhesive
between the silicon carrier and the glass handler. After appro-
priate cleaning and surface treatments, the chip or chips are
then connected to the silicon carrier using microbumps and an
underfill material is applied to both the C4 and the microbump
layers and cured. Alternate assembly sequences such as
underfilling the Si carrier prior to attaching the chips with
microbumps are also possible.

BRIEF SUMMARY

Although there are a number of significant advantages in
using silicon carriers, the fabrication process is complicated
by the need to attach to a temporary glass handler wafer to
allow processing the back side of the carrier. Further, Si
carriers are thin (20 to 150 microns) and large ones typically
cannot be attached to organic laminate substrates by C4 sol-
der balls due to the thermal coefficient of expansion mismatch
stresses and the thin, fragile nature of the silicon carrier.

Accordingly, one example aspect of the present invention
is a composite wiring circuit with electrical through connec-
tions. The composite wiring circuit includes a glass layer with
first electrically-conducting through vias. The first electri-
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2

cally-conducting through vias pass from a top surface of the
glass layer to a bottom surface of the glass layer. The com-
posite wiring circuit further includes an interposer layer with
second electrically-conducting through vias. The second
electrically-conducting through vias pass from a top surface
of the interposer layer to a bottom surface of the interposer
layer. The second electrically-conducting through vias are
electrically coupled to the first electrically-conducting
through vias.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter which is regarded as the invention is
particularly pointed out and distinctly claimed in the claims at
the conclusion of the specification. The foregoing and other
objects, features, and advantages of the invention are apparent
from the following detailed description taken in conjunction
with the accompanying drawings in which:

FIG. 1 shows a composite wiring circuit with electrical
through connections according to one embodiment of the
present invention.

FIG. 2 shows one embodiment of the present invention
where the glass layer and the interposer layer are electrically
coupled together by a first coupling layer.

FIG. 3 shows one embodiment of the present invention
where the composite wiring circuit includes a first redistribu-
tion wiring layer.

FIG. 4 shows an embodiment of the present invention
where the composite wiring circuit further includes a passive
electrical device.

FIG. 5 shows an embodiment of the present invention
where the composite wiring circuit is attached to a laminate
substrate.

FIG. 6 shows a method for forming a composite wiring
circuit in accordance with one embodiment of the present
invention.

FIG. 7 shows an interposer wafer with second metal vias
formed thereon in accordance with one embodiment of the
present invention.

FIG. 8 shows a handler wafer with etched cavities in accor-
dance with one embodiment of the present invention.

FIG. 9 shows a handler wafer with first metal vias and ball
limiting metallurgy pads and a coupling layer in accordance
with one embodiment of the present invention.

FIG. 10 illustrates a handler wafer bonded to an interposer
wafer in accordance with one embodiment of the present
invention.

FIG. 11 shows a thinned silicon wafer assembled to a
handler wafer with vias electrically coupled to microbumps in
accordance with one embodiment of the present invention.

FIG. 12 shows a handler wafer with attached thinned sili-
con wafer after grinding with the exposed second metal vias
electrically coupled to solder balls in accordance with one
embodiment of the present invention.

FIG. 13 shows a composite wiring circuit attached to a
packaging substrate in accordance with one embodiment of
the present invention.

DETAILED DESCRIPTION

The present invention is described with reference to
embodiments of the invention. Throughout the description of
the invention reference is made to FIGS. 1-13. When referring
to the figures, like structures and elements shown throughout
are indicated with like reference numerals.

FIG. 1 shows a composite wiring circuit 102 with electrical
through connections according to one embodiment of the
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present invention. The composite wiring circuit 102 includes
a glass layer 104 with first electrically-conducting through
vias 106 and an interposer layer 112 with second electrically-
conducting through vias 114. In one embodiment, the inter-
poser layer 112 is manufactured from a silicon (Si) wafer
using standard silicon wafer processing. The glass layer 104
provides mechanical support to the relatively thin interposer
layer 112 while it is being processed on the back side as a
wafer.

The silicon interposer contains thru silicon vias (TSVs)
114, redistribution wiring, and is typically larger than the chip
or chips 128 and somewhat smaller then the laminate sub-
strate 126. The TSVs 114 and first redistribution wiring 124,
are used to form electrical connections between the
microbumps 130 on the top surface of the composite wiring
circuit and the C4s 110, on the bottom surface of the com-
posite wiring circuit. Silicon carriers, or interposers, can also
be used to provide a greater number of input and output (I/O)
signals between two or more chips mounted on a common
silicon carrier then could be provided with a conventional
packaging structure due to the silicon BEOL like line and
spacing design rules available on Si carriers and the fine pitch
(20 to 150 microns) microbumps.

A number of the fabrication process requirements result in
silicon carriers being thin, on the order of 20 to 150 microns
thick. In the TSV formation step, typically deep reactive ion
etching (DRIE) is used to etch trenches and other features
where the aspect ratio is about 10:1 or less and it is desirable
to limit the width of metal filled features in one dimension to
about four to eight microns to minimize stress during subse-
quent processing.

The first electrically-conducting through vias 106 in the
glass layer 104 pass from a top surface of the glass layerto a
bottom surface of the glass layer. In one embodiment, the first
electrically-conducting through vias 106 terminate at C4 sol-
der bumps 110. The first electrically-conducting through vias
may be formed, for example, by grit blasting in conjunction
with a masking material. In one embodiment, the through vias
are filled with copper.

The second electrically-conducting through vias 114 in the
interposer layer 112 pass from a top surface of the interposer
layer to a bottom surface of the interposer layer. Furthermore,
the second electrically-conducting through vias 114 are elec-
trically coupled to the first electrically-conducting through
vias 106 by the first redistribution wiring (RDL) 124 located
on the top surface of the Si carrier 112. Both the first electri-
cally-conducting through vias 106 and second electrically-
conducting through vias 114 may be filled, for example, with
copper. Note that when the composite wiring circuit 102 is
formed by bonding together the glass handler wafer and the
silicon interposer wafer, they are joined face to face, or top
surface to top surface as will be explained in FIGS. 6-13.
Therefore, the top surface of the composite wiring circuit 102
corresponds to the bottom of the interposer and the bottom of
the composite wiring circuit 102 corresponds to the bottom of
the glass handler.

The composite wiring circuit 102 may further include an
underfill layer 120 such as an “OBAR” (over-bump applied
resin) wafer-level underfill material which is applied to the
wafer from which the interposer 112 is formed prior to attach-
ment to the glass layer 104. The underfill layer 120 is posi-
tioned between the interposer layer 112 and the glass layer
104. In conjunction with the electrical coupling means
between the interposer layer 112 and the glass layer 104 the
underfill layer 120 joins the top surface of the interposer layer
and the top surface of the glass layer.
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FIG. 2 shows one embodiment of the present invention
where the glass layer 104 and the interposer layer 112 are
electrically coupled together by a first coupling layer 122
(also referred to herein as solder layers). In this embodiment,
the first coupling layer 122 may be between the top surface of
the first electrically-conducting through via 106 and the bot-
tom surface of the second electrically-conducting through via
114. Note that a variety of low-profile metallurgical join
means are possible, and though described as solder are not
intended to be limited to solder but could also include inter-
metallic phase formation, Gold-Gold or Copper-Copper ther-
mocompression bonding, Au—=Sn alloy bonding, etc. . . .

In one embodiment of the invention, the first electrically-
conducting through vias 106 have a first diffusion barrier 202.
The first diffusion barrier 202 is carried by a top surface of the
first electrically-conducting through vias 106. The second
electrically-conducting through vias 114 are connected
through redistribution wiring layers 124 to a second diffusion
barrier 204 which is carried by a bottom surface of the first
redistribution wiring layers 124.

The first diffusion barrier 202 is electrically coupled to the
top surface of the first electrically-conducting through vias
106. The first coupling layer 122 is electrically coupled to a
top surface of the first diffusion barrier 202 and a bottom
surface of the second diffusion barrier 204.

The bottom surface of the second diffusion barrier 204 is
further electrically coupled to the bottom surface of the sec-
ond electrically-conducting through vias 114 through the
redistribution wiring layers 124. In one embodiment of the
invention, the first diffusion barrier 202 and the second dif-
fusion barrier 204 may include ball limiting metallurgy pads
and are formed of materials which are “wetted” by solder and
serve to reduce or prevent undesired reactions between the
metallurgy of the through vias or redistribution wiring layers
and the solder or other material used for electrical connec-
tions between the glass handler wafer and silicon interposer.

FIG. 3 shows one embodiment of the present invention
where the composite wiring circuit 102 includes a first redis-
tribution wiring layer 302. The first redistribution wiring
layer 302 can be carried by the top surface of the silicon
interposer layer 112, which as described faces the glass han-
dler after assembly. The first redistribution wiring layer 302
electrically couples the first electrically-conducting through
vias 106 and the second electrically-conducting through vias
114 together using coupling layer 122. In one embodiment of
the invention, the composite wiring circuit 102 includes a
second redistribution wiring layer 304 which is carried by the
bottom surface of the interposer layer 112, which is located
on the top surface ofthe composite wiring circuit after assem-
bly and processing of the interposer and handler wafers.

As shown in FIG. 3, the first electrically-conducting
through vias 106 can have a different pitch than the second
electrically-conducting through vias 114. In one embodiment
of'the invention, the first electrically-conducting through vias
106 have a first pitch 306 while the second electrically-con-
ducting through vias 114 have a second pitch 308. The first
pitch 306 may be larger than the second pitch 308. To mini-
mize stress and improve yield, it is desirable for the pitch of
the coupling joins between the glass handler wafer and the
silicon interposer wafer to be as large as possible. This can be
best achieved by locating the first redistribution wiring layers
on the top surface of the silicon interposer so that the pitch of
the solder joins can be increased and the RDL processing can
occur on the wafer prior to thinning.

FIG. 4 shows an embodiment of the present invention
where the composite wiring circuit 102 further includes a
passive electrical device 402. The passive electrical device
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402 is carried by the glass layer 104. The passive electrical
device 402 can be electrically coupled to one or more of the
electrically-conducting through vias 106 or 114. In one
embodiment, the passive electrical device 402 is an inductor.

An embodiment of the invention may include a composite
wiring circuit 102 with multiple first redistribution wiring
layers 302. Within the plurality of first redistribution wiring
layers 302, at least one of the first redistribution wiring layers
302 is electrically coupled to at least one of the first electri-
cally-conducting through vias 106 and at least one of the
second electrically-conducting through vias 114. The
embodiment may further include a dielectric layer 406. The
dielectric layer 406 is used to electrically insulate each first
redistribution wiring layer 302 among the plurality of first
redistribution wiring layers.

One embodiment of the invention includes a composite
wiring circuit 102 with a second redistribution wiring layer
304. The second redistribution wiring layer 304 is electrically
coupled to an integrated circuit 408 that is carried by the
second redistribution wiring layer 304 that is located on the
top surface of the composite wiring circuit, or the bottom of
the interposer layer 112. In one embodiment of the invention,
the integrated circuit 408 is electrically coupled to at least one
of the second electrically-conducting through vias 114
through the second redistribution wiring layer 304.

FIG. 5 shows an embodiment of the present invention
where the composite wiring circuit 102 is carried by a lami-
nate substrate 502. The laminate substrate may be core or
coreless, organic or ceramic, and may contain multiple layers
(core and buildup layers). In one embodiment, the composite
wiring circuit 102 can also include a second coupling layer
504. The second coupling layer 504 may electrically couple
the composite wiring circuit 102 and the laminate substrate
502 together. For example, the second coupling layer 504 is
reflowed to pads provided on the substrate 502. In another
embodiment, the composite wiring circuit 102 can further
include a second underfill layer 508. The second underfill
layer 508 and second coupling layer 504 joins the composite
wiring circuit 102 and the laminate substrate 502.

In one embodiment of the invention the composite wiring
circuit 102 includes a second redistribution wiring layer 304
and one or more integrated circuit chips. The second redistri-
bution wiring layer 304 electrically couples to an integrated
circuit and at least one of the second electrically-conducting
through vias 114. The composite wiring circuit 102 may
further include a third coupling layer 506. This third coupling
layer 506 is electrically coupled to an integrated circuit chip
and to the second electrically-conducting through vias 114
either directly if there is no second redistribution wiring layer
304, or through the second redistribution wiring layer 304 if
one is present. The composite wiring circuit 102 may further
include a third underfill layer 510 used to join the integrated
circuit with the interposer layer and protect the solder joints.

In one embodiment of the invention, the composite wiring
circuit 102 includes a first integrated circuit 512 and a second
integrated circuit 514. Both integrated circuits 512 and 514
may be carried by the interposer layer 112. The second redis-
tribution wiring layer 304 on the interposer layer 112 may be
used to electrically couple the first integrated circuit 512 and
the second integrated circuit 514.

FIG. 6 shows a method for forming a composite wiring
circuit in accordance with one embodiment of the present
invention. The method includes etching step 602. During
etching step 602, the top surface of an interposer wafer (also
referred to herein as a silicon wafer) is etched to form the
second cavities. In one embodiment, the etched cavities are
blind vias that do not extend through the bottom of the inter-
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poser wafer. The cavities may be etched using DRIE into the
wafer in the locations where TSVs are desired. The wafer is
then thermally oxidized to create an electrical insulating layer
on all surfaces of the cavities. After etching step 602 is com-
pleted, the method continues to forming step 604.

At forming step 604, the second metal vias are formed in
the second cavities of the interposer wafer. FIG. 7 shows an
interposer wafer 702 with second metal vias 704 formed
thereon. For example, the cavities may be filled with a metal,
typically tungsten or copper, and chemical mechanical pol-
ishing is used to remove the overburden, i.e., excess metal on
the wafer surface between the cavities. Redistribution wiring,
using typical silicon wafer back end of line (BEOL) process-
ing, can be formed connecting to, and above, the metal filled
cavities. If desired, multiple redistribution wiring levels could
be build on the wafer where appropriate silicon oxide and
silicon nitride layers are used to protect the copper lines. The
final metal layer formed consists of ball limiting metallurgy
(BLM) pads, to which microsolder bumps can subsequently
attached (see FIG. 3). These typically have a thin layer of Au
to provide a surface which can be soldered to and are pat-
terned to match the solder patterns of the glass handler wafer
which will subsequently be attached. After forming step 604
is completed, the process continues to etching step 606.

At etching step 606, the top surface of the handler wafer
(also referred to herein as a glass wafer or glass handler wafer)
is etched to form first cavities in the handler wafer. FIG. 8
shows a handler wafer 802 with etched cavities 804. The
handler wafer may be approximately the same thickness as
the starting silicon wafer (~0.75 mm thick) and is circular in
shape with the same nominal diameter as the silicon wafer
which is laminated to it.

Those skilled in the art will understand that forming vias in
the interposer and handler wafers can be performed simulta-
neously or in a different order. Thus, the sequence discussed
above should not be considered to limit the scope of the
claimed invention.

In one embodiment, the etched cavities are blind vias that
do not extend through the bottom of the handler wafer. There
are a number of possible methods of etching holes in glass
wafers which include, but are not limited to, grit blasting with
a mask, dry etching with a mask, wet etching with a mask,
mechanical drilling, laser drilling, laser or UV exposure
enhanced glass etching, microwater jet etching, hot emboss-
ing, acoustic agitation enhanced wet etching or laser induced
backside wet etching.

In one embodiment, grit blasting is performed where a dry
film resist is used to define the area to be etched. With such a
process, the sidewall angle is about 15 degrees and 2:1 or 3:1
aspect ratio hole is possible. For examples, the holes could be
on a 300-400 micron pitch with a top diameter of about 200
microns and a depth of about 500 microns. The blind holes
may be tapered, but with some of the other hole fabrication
methods the sidewalls would be vertical or near vertical. A
wet etch step can then be performed to removed the glass
damaged zone in the recesses and either a thin compressive
layer such as low pressure chemical vapor deposition
(LPCVD) silicon nitride or chemical/thermal treatments
would be performed to create a compressive layer to
strengthen the glass. Once etching step 606 is completed, the
method continues to forming step 608.

At forming step 608, the first metal vias are formed in the
first cavities of the handler wafer to metalize the handler
(glass) wafer. The forming step may include depositing a
blanket barrier/seed layer such as Ta, Ta(N) or Cu by sputter-
ing, and then plating up copper to fill the blind cavities. At this
point, the excess copper could be removed by chemical
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mechanical polishing (CMP), or with a lithography step, it
could be wet etched to form a layer of redistribution wiring
(RDL). An alternate process would be to apply a photolitho-
graphic mask after barrier/seed layer deposition, and plate-up
to fill the blind cavities and optionally form lines at the same
time. In one embodiment the first metal vias are filled with
copper. The copper lines are then planarized with an insulat-
ing material.

At step 612 ball limiting metallurgy and solder for joining
are deposited above the first metal vias. FIG. 9 shows the
handler wafer 802 with the first metal vias 902 and the ball
limiting metallurgy layer 904 and the solder layer 906 for
joining. If redistribution wiring layers are present, after open-
ing a final via in the passivation layers, the ball limiting
metallurgy, such as Ni/Au, layers are deposited by using a
shadow mask, or by sputtering a seed layer, photolithographic
masking, plating, and then removing the seed layer from the
field areas. If solder for joining is needed, it can either be
plated after the BLM layers, or subsequently deposited by
injection molded solder or other similar techniques.

It is noted that the pitch of the recessed cavities in the glass
is intermediate in size between the chip area array connec-
tions and the package to board BGA or LLGA connections and
that the bumps, solder joints, or other electrical joining
method between the functional glass handler wafer and the
silicon carrier wafer are the same pitch if there is no RDL on
the functional glass handler wafer, or close to the same pitch
if there is one or more redistribution layers on the functional
glass handler wafer. If a solder bump, or ball, type connection
is used between the two wafers, they could be fabricated on
either wafer. In this case, it is assumed that the solder bumps
are fabricated on the function glass handler wafer.

It should be appreciated that processing of the handler and
interposer wafers as described above may be performed
simultaneously or in reverse order without departing from the
spirit and scope of the invention. In an optional design varia-
tion, the steps used to fabricate the metal filled recesses and/or
redistribution wiring layers on the glass substrate can be used
to build passive electrical devices such as inductors which are
difficult to integrate into silicon wafers. Once step 612 is
completed, the method continues to joining step 614.

At joining step 614, the first metal vias are electrically
coupled to the second vias. Electrical coupling of the first
metal vias to the second metal vias includes electrically con-
necting the first metal vias to the second metal vias through
the first redistribution wiring layer. This step may also include
bonding the handler wafer to the interposer wafer. FIG. 10
illustrates the handler wafer 802 bonded to the interposer
wafer 702. Note that they are bonded face to face, or top
surface to top surface.

Prior to joining together the two wafers, an “OBAR” (over-
bump applied resin) wafer-level underfill material may be
applied to the wafer with the bumps. The wafers are then
aligned so that the bumps, solder joints, or other electrical
joining means are aligned between the top surface of the
functional glass handler wafer which contains the metal filled
recesses and the matching BLM pads on the top surface of the
silicon carrier/interposer wafer which contains the metal
filled recesses and heat and pressure applied to form electrical
connections between them and cure the OBAR material. Note
that this is a wafer to wafer bonding process with a full
thickness silicon carrier to a glass wafer where the blind
holes, or metal filled recesses, are towards the center of the
structure on both wafers.

After joining step 614 is completed, the top surface of the
interposer wafer is joined with the top surface of the handler
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wafer to form a composite wiring wafer. The process then
continues to grinding step 616.

At grinding step 616, the top surface of the composite
wiring wafer is ground such that the second metal vias are
exposed at the top surface of the composite wiring wafer. This
step may include grinding/polishing the back side of the
silicon wafer to expose the metal filled recesses. A combina-
tion of RIE and polishing may be used to expose the metal
filled cavities which will become the TSVs. After planariza-
tion, a selective dry etch is used to recess the silicon, an
insulating film is deposited, and then chemical-mechanical
polishing is used to remove the insulator from the top surface
of the TSVs. Furthermore, BLM microbumps bonding pads
may be formed on the back side of the thinned silicon wafer
aligned with the TSVs.

Additional redistribution layers may be formed if desired
using BEOL type processes on the back of the thinned silicon
wafer prior to building the BLM pads. FIG. 11 shows the
thinned silicon wafer 702 with the vias 704 electrically
coupled to microbump BLM pads 1102. At this point, an
optional protection layer such as polyimide may be deposited
over the BLM pads to protect them during subsequent pro-
cessing. After grinding step 616 is completed, the method
proceeds to grinding step 618.

At grinding step 618, the handler wafer is ground such that
the first metal vias are exposed at the bottom surface of the
handler wafer. The bottom surface of the handler wafer cor-
responds to the bottom surface of the composite wiring wafer.
This step may include grinding and/or polishing the back side
of'the glass wafer to expose the metal filled recesses, and then
depositing the BLM metal stack and solder bumps for joining
to the packaging substrate. FIG. 12 shows the handler wafer
802 after grinding with the exposed first metal vias 902 elec-
trically coupled to solder balls 1202. After grinding step 618
is completed, the process continues to dicing step 620.

At dicing step 620, the composite wiring wafer is diced to
form at least one composite wiring circuit. The composite
wiring circuit includes a handler layer and an interposer layer.

After dicing step 620 is completed, the method continues to
attaching step 622. Next, in step 622 the composite wiring
circuit is aligned and placed on the packaging substrate such
that the corresponding bump, or solder balls, are aligned to
the correct pads, and then reflowed to form electrical connec-
tions. FIG. 13 shows the composite wiring circuit 1302
attached to a packaging substrate 1304. After attaching step
622 is performed, the method proceeds to coupling step 624.
The wiring circuit 1302 would then be underfilled and any
protective layer on the silicon carrier is then removed and
after appropriate cleaning and surface treatments, the chip or
chips are aligned, placed, reflowed, and underfilled.

At coupling step 624, the attached integrated circuit is
electrically coupled to the composite wiring circuit. As men-
tioned above, the integrated circuit and the composite wiring
circuit may be electrically coupled through a second redistri-
bution wiring layer. The completed structure is shown in FI1G.
1.

By replacing the temporary glass handler wafer with a
glass wafer containing conductive thru vias, the final thick-
ness and stiffness of the composite glass and Si carrier can be
increased. In addition, the solder bump pitch or height to the
laminate substrate can be increased. This reduces the stress
and thick metal can be used to fabricate inductors in the glass.

The descriptions of the various embodiments ofthe present
invention have been presented for purposes of illustration, but
are not intended to be exhaustive or limited to the embodi-
ments disclosed. Many modifications and variations will be
apparent to those of ordinary skill in the art without departing
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from the scope and spirit of the described embodiments. The
terminology used herein was chosen to best explain the prin-
ciples of the embodiments, the practical application or tech-
nical improvement over technologies found in the market-
place, or to enable others of ordinary skill in the art to
understand the embodiments disclosed herein.

What is claimed is:

1. A composite wiring circuit with electrical through con-

nections, the composite wiring circuit comprising:

a glass layer with first electrically-conducting through
vias, the first electrically-conducting through vias pass-
ing from a top surface of the glass layer to a bottom
surface of the glass layer, the first electrically-conduct-
ing through vias including a first pitch;

an interposer layer with second electrically-conducting
through vias, the second electrically-conducting
through vias passing from a top surface of the interposer
layer to a bottom surface of the interposer layer, the
second electrically-conducting through vias including a
second pitch that is smaller than the first pitch;

a first redistribution wiring layer carried by the top surface
of the interposer layer which faces the glass layer, the
first redistribution wiring layer electrically coupling the
first electrically-conducting through vias and the second
electrically-conducting through vias; and

a first coupling layer, wherein the first coupling layer elec-
trically couples a top surface of first electrically-con-
ducting through vias and a bottom surface of the second
electrically-conducting through vias;

wherein the first electrically-conducting through vias
include a first diffusion barrier carried by the top surface
of'the first electrically-conducting through vias, the first
diffusionbarrier is electrically coupled to the top surface
of'the first electrically-conducting through vias, and the
first coupling layer is electrically coupled to a top sur-
face of the first diffusion barrier;

wherein the second electrically-conducting through vias
include a second diffusion barrier carried by the bottom
surface of the second electrically-conducting through
vias, the first coupling layer is electrically coupled to a
bottom surface of the second diffusion barrier, and the
bottom surface of the second diffusion barrier is electri-
cally coupled to the bottom surface of the second elec-
trically-conducting through vias; and

wherein the first diffusion barrier and the second diffusion
barrier include ball limiting metallurgy pads.

2. The composite wiring circuit according to claim 1, fur-

ther comprising a plurality of first redistribution wiring layers
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including the first redistribution wiring layer, wherein at least
one of the first redistribution wiring layers is electrically
coupled to at least one of the first electrically-conducting
through vias and at least one of the second electrically-con-
ducting through vias.

3. The composite wiring circuit according to claim 2, fur-
ther comprising a dielectric layer, the dielectric layer electri-
cally insulating each first redistribution wiring layer.

4. The composite wiring circuit according to claim 1, fur-
ther comprising a second redistribution wiring layer carried
by the bottom surface of the interposer layer which faces
away from the glass layer, the second redistribution wiring
layer electrically coupled to an integrated circuit carried by
the top surface of the interposer layer.

5. The composite wiring circuit according to claim 4,
wherein the integrated circuit is electrically coupled to at least
one of the second electrically-conducting through vias.

6. The composite wiring circuit according to claim 1, fur-
ther comprising a first underfill layer, the first underfill layer
joining the top surface of the interposer layer which faces the
glass layer and the top surface of the glass layer.

7. The composite wiring circuit according to claim 1, fur-
ther comprising a laminate substrate, wherein the composite
wiring circuit is carried by the laminate substrate.

8. The composite wiring circuit according to claim 7, fur-
ther comprising a second coupling layer, the second coupling
layer electrically coupling the composite wiring circuit and
the laminate substrate.

9. The composite wiring circuit according to claim 7, fur-
ther comprising a second underfill layer, the second underfill
layer joining the composite wiring circuit and the laminate
substrate.

10. The composite wiring circuit according to claim 1,
further comprising:

a first-integrated-circuit carried by the interposer layer; and

a second-integrated-circuit carried by the interposer layer,

wherein the interposer layer electrically couples the
first-integrated circuit and the second-integrated circuit.

11. The composite wiring circuit according to claim 1,
further comprising a passive electrical device carried by the
glass layer, the passive electrical device is electrically
coupled to at least one electrically-conducting through via.

12. The composite wiring circuit according to claim 11,
wherein the passive electrical device includes an inductor.

13. The composite wiring circuit according to claim 1,
wherein the first electrically-conducting through vias are
tapered.



